Introduction: The use of cardiopulmonary bypass (CPB) with deep hypothermic circulatory arrest (DHCA) is an adjunctive surgical technique that can be employed for the resection of renal cell carcinoma (RCC) with venous thrombus extension superior to the level of the hepatic veins. Median Sternotomy (MS) or Minimal Access (MA) incisions may be used to establish CPB during the resection of these extensive tumors. We review our experience with both incisional approaches and compareoperative details, perioperative complications, and recurrence free survival. Materials and Methods: From 1986 to 2012, 70 radical nephrectomies with concomitant inferior vena cava (IVC) thrombectomies were performed at our institution using MS (23 patients) and MA (47 patients) techniques. Preoperative patient characteristics, pathologic data, and organ specific postoperative complications and follow-up data were compared between groups. Estimates of overall and recurrence-free survival were constructed using Kaplan-Meier curves and compared using log-rank testing. Results: There were no significant differences with respect to patient demographics or preoperative comorbid conditions between the MA and MS groups. The MA group showed a significant reduction (p < 0.05) in the duration of postoperative mechanical ventilation, length of stay, operative time, and number of blood transfusions compared to MS patients. Overall and organ-system specific complications demonstrated a decreased incidence of wound infection (37.9% v. 12.5%, p = 0.0135) and sepsis (14.3% v. 0%, p = 0.0137) in patients undergoing MA approach. Perioperative mortality was significantly reduced in the MA group (30.4% v. 8.5% p = 0.0179). Recurrence-free survival in the MS group was 0.59 years and 1.2 years in the MA group (p = 0.06). Conclusions: Minimal access surgical approaches for CPB and 
Introduction
A unique feature of Renal Cell Carcinoma is its predilection to involve venous structures. Tumor can grow intraluminally along the renal vein and propagate into the Inferior Vena Cava up to and beyond the right atrium. This occurs in 4% -10% of cases of RCC [1] . If tumor has not spread to lymph nodes or otherwise metastasized, these cancers can be controlled surgically, using a variety of approaches.
Various surgical techniques exist for management of locally advanced RCC with IVC involvement [2] [3] . When tumor thrombus extends above the level of the diaphragm, cardiopulmonary bypass with deep hypothermic circulatory arrest may be utilized to provide maximal exposure to the supradiaphragmatic cava and right atrium and allow for tumor resection in a bloodless field. Two approaches have been developed to accomplish this: median sternotomy ( Figure 1 and Figure 2 ) and a minimal access technique ( Figure 3 ), as we have previously described [4] . The objective of this current study is to review our current experience with both techniques, and compare perioperative complications, perioperative mortality, and recurrence-free and overall survival. 
Materials and Methods
Between 1986 and 2012, 70 radical nephrectomies and IVC thrombectomies were performed at our institution for patients with renal cell carcinoma with either level 3 or level 4 venous thrombus involvement according to the Neves Classification [5] . We received IRB approval to review the records of these patients. All of these resections were performed using cardiopulmonary bypass and deep hypothermic circulatory arrest as per institutional and surgeon preference.
23 patients underwent median sternotomy for the establishment of CPB and for access to the right atrium and suprahepatic IVC. A chevron incision is performed for access to the infrahepatic vena cava and kidneys. A midline sternal incision is then performed by the cardiothoracic team for access to the mediastinum. The liver is simultaneously mobilized medially using the Langenbach maneuver to expose the retrohepatic cava. Following systemic anticoagulation with heparin an arterial cannula is placed in the upper ascending aorta. A two stage venous cannula is placed via the right atrial appendage and directed into the superior vena cava (SVC) to avoid tumor thrombus in the lower right atrium and IVC. Cardiopulmonary bypass is instituted and the patient systemically cooled to 17 to 18 degrees centigrade. As systemic cooling progresses the patient's head is packed in ice and Solumedrol is administered just prior to DHCA. Circulatory arrest is commenced and the patient is partially exsanguinated into the cardiotomy reservoir for a complete bloodless field.
43 patients underwent CPB using a modification of a minimal access technique as originally described for aortic valve replacement [6] [7] , which utilizes right axillary arterial cannulation and a small right parasternal incision. A right parasternal incision, 2 inches in length, is made over the 4th rib. The fourth costal cartilage is resected and the pericardium is opened and marsupialized to the wound edge. A two stage venous cannula is placed into the right atrial appendage and directed superiorly into the SVC, as with the MS approach. The right parasternal incision is centered over the right atrium and limits access to the ascending aorta. Consequently, arterial access for CPB is established via the right subclavian artery, which is exposed through a small right infraclavicular incision. The conduct of CPB is similar to the MS approach. It is important to note that the aorta is not cross-clamped in the MA technique and significant aortic insufficiency is a contra-indication because of the potential for ventricular distension. All patients are screened by echocardiogram preoperatively for the presence of aortic insufficiency. As with the MS technique, following commencement of DHCA, the right atrium is opened while an incision in the IVC is made from within the abdomen. The tumor thrombus is removed from both directions. The right atrium is closed simultaneously with the IVC and the two-stage venous cannula is now re-directed normally into the IVC ( Figure 3 ). CPB is resumed and the patient rewarmed to normothermia. At approximately 30 to 32 degrees centigrade, the heart is defibrillated to a regular rhythm if it has not already spontaneously done so.
Preoperative patient characteristics, pathologic data, and organ specific perioperative complications were analyzed for each group. Where appropriate, continuous and categorical variables were compared using Student's T-test and Chi-squared test. Non-parametric data where analyzed using Kruskal-Walis test. Estimates of overall and disease specific survival were calculated using Kaplan-Meier curves and log-rank testing was utilized to compare survival differences between the TMS and MA groups. In all cases, a p-value of <0.05 was considered statistically significant.
Results
A total of 70 patients underwent radical nephrectomy with IVC thrombectomy using CPB and DHCA at our institution between 1986 and 2012. Twenty-three patients had a median sternotomy approach and 47 patients underwent a minimal access technique. The majority of MS cases were performed early in the series, as the minimal access technique was developed in the mid 1990s.
The two patient groups showed evenly matched preoperative characteristics and co-morbid conditions (Table 1) . From a tumor staging perspective, sternotomy patients were more likely to have higher stage tumors (86.4% v. 48.9% ≥ pT3b tumors) and higher rates of nodal metastasis (21.7% v. 14.9% ≥ pN1). However, a greater number of patients did not undergo LN dissection in the MA group (8.7% v. 38.3%), which likely reflects the decreased use of LN dissection over time in general for patients without palpable or radiographic evidence of LN metastasis. Tumor Size and grade were found to be equivalent between groups ( Table 2) .
Duration of DHCA and CPB were similar between groups. However patients in the MS group required more blood transfusions, had longer operative times, longer mean hospital stays, and longer duration of mechanical ventilation. Patients in the MS group were more likely to require mechanical ventilation >10 days, (47.8% v. 21.3%, p = 0.02), have higher rates of acute renal failure (30.4% v. 10.9%) and prolonged inotropic support (47.8% v. 8.9%) ( Table 3 ). Perioperative mortality was also different between groups. Seven MS patients died during their postoperative hospital stay compared to four patients in the MA group (30.4% v. 8.6%) ( Table 4) .
Kaplan Meier curve analysis revealed a significantly improved overall survival and recurrence free survival between groups (Figure 4 and Figure 5 ). 
Discussion
Various techniques for the removal of in tracaval tumors have been described and the technique has evolved over time [8] [9] . Although some investigators have removed Neves level 4 tumor thrombii without the aid of cardiopulmonary bypass, our experience has been that CPB allows for better overall exposure and control of supradiaphragmatic caval and atrial thrombii and allows for caval reconstruction as needed for caval wall invasion utilizing pericardium.
Originally described by Cosgrove [6] for aortic valve surgery and modified for use in CPB renal surgery, the minimal access right parasternal approach to the right atrium and suprahepatic vena cava has become a very useful addition to the urologic on cologists' armamentarium for radical vena caval surgery [10] . It provides excellent exposure to all portions of the IVC; caval wall resection and/or reconstruction become necessary.
Additionally, reduced thoracic trauma resulting from the smaller incision and absence of sternotomy facilitates pulmonary recovery, earlier extubation and shorter hospital stay, and reduces wound complications.
As shown in our analysis, a statistically and clinically significant difference was observed between groups in terms of perioperative in-hospital mortality. We believe that these findings reflect the impact of decreased perioperative complications such as prolonged mechanical ventilation, decreased blood loss, and shorter ICU and hospitalization times.
One potential confounding variable is the chronologic nature of our series. The majority of median sternotomy patients were operated on in our early experience with radical vena caval surgery, whereas the MA patients were treated in our more recent experience within the last twenty years. Newer advances in critical care medicine, refinements in surgical technique, and overall improvements in medicine may have been contributors to the survival benefit in the MA group.
Another potential variable is the advent of targeted therapy during the MA era. As shown in Table 4 , the only adjuvant therapy available to patients treated early in our series was adjuvant radiotherapy, which may be of limited benefit in RCC [11] . Sys- We acknowledge the limitations of our retrospective research design. However, in light of the treatment challenges posed by advanced RCC and the extensive nature of the surgical procedure, a prospective randomized trial would be exceedingly difficult to perform. We believe that this study provides evidence to support the use of a minimal access technique for the resection of advanced renal cell carcinoma with cavo-atrial extension and that the technique provides significant advantages with regard to postoperative recovery which may ultimately impact survival.
